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EDA Requirements and Challenges 

• Typical design cycles are experiencing more and more schedule pressure 

– Need for a very fast product cycle in the marketplace 

 Recent growth in complexity of Embedded System Designs (HW+SW) 

requires a fundamental new approach and methodology. 

• Shortened Design Cycle  Need For Concurrent Design 

 Simulation Technology advancements are benefiting all phases of system 

development 

                                                                         

            



The HW design complexity issues 

• Three sample designs from three generations:  

– yesterday, today, and tomorrow. 

• The bars for each generation imply the code complexity for four common 

levels of abstraction associated with system hardware design. 

 It considers only a single integrated circuit. It does not reflect complexity 

of a system with several large chips and gigabytes of application software. 
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Today’s designs are practical 

because of the methodologies 

that apply RTL synthesis for 

automated generation of gates. 

Tomorrow’s integrated circuits 

will exceed one hundred 

million gates. This size equates 

to roughly one million lines of 

RTL code, if written using 

today’s methodologies. 

It considers only a single integrated circuit. It does not reflect complexity 

of a system with several large chips and gigabytes of application software. 

• We need accurate simulators for 

HW design space explorations 

• Optimize system architecture for 

area, performance and power 

• VPs add FAST execution to 

verification environment, instead 

of slow RTL models 



Virtual Platforms for HW Design Space 

Explorations 

• Optimize system architecture for area, performance and power 
– What is the expected latency and clock speed? 

– What additional control and status is easy and inexpensive to provide to software? 

– What is the estimated power consumption of this block? 

– Is there enough performance in the bus architecture to implement our algorithm in 

hardware and realize performance gains? 

– Is the bus performance adequate? Will we require multiple busses or a multi-tiered 

bus concept? 

– Is the arbitration scheme sufficient? 

– Is the estimated size and cost within our product goals? 

– Would a different processor help performance? How would a lower clock rate or less 

capable processor affect performance? 

 



The SW design complexity issues 

 Software complexity is increasing exponentially 

 Software code for embedded systems is doubling annually 

 Amount of concurrency is doubling every 18 months 

• Complexity of software driven by concurrency 

– shared resources: communication arch., memories, I/O, etc. 

 New technologies, methodologies needed for functional and performance verification 

of embedded software 

 

• If initial testing of software is done on Virtual Platforms, could reduce SoC 

schedule by months 

– Reducing initial development and maintenance costs significantly 

– Run complete OS and SW stack during system level verification 

– Verifying of SW in a controlled environment 

• Moving to Virtual Platforms for earlier testing of software 

– Does the HW have the advertised features? 

– Can the SW meet its timing budget with the current architecture? 

– Does the SW have the necessary control and observably to meet the customer 

requirements? 

 

                                                             

                                           



The right level of abstraction 

C/Cycle 

 Accurate 

VHDL 

SystemC/

TLM1 

RTL 

ISS 

TLM+ 

From cycle accurate to functional accurate 

P
e

rf
o

rm
a

n
c
e

 i
n

 m
e

g
a

 M
IP

S
 

 TLM 2.0  

0.100 

 10.0 

 100.0 

 1,000 



The right level of abstraction 

C/Cycle 

 Accurate 

VHDL 

SystemC/

TLM1 

RTL 

ISS 

TLM+ 

From cycle accurate to functional accurate 

P
e

rf
o

rm
a

n
c
e

 i
n

 m
e

g
a

 M
IP

S
 

 TLM 2.0  

0.100 

 10.0 

 100.0 

 1,000 



The right level of abstraction 

C/Cycle 

 Accurate 

VHDL 

SystemC/

TLM1 

RTL 

ISS 

TLM+ 

From cycle accurate to functional accurate 

P
e

rf
o

rm
a

n
c
e

 i
n

 m
e

g
a

 M
IP

S
 

 TLM 2.0  

0.100 

 10.0 

 100.0 

 1,000 



The right level of abstraction 

C/Cycle 

 Accurate 

VHDL 

SystemC/

TLM1 

RTL 

ISS 

TLM+ 

From cycle accurate to functional accurate 

P
e

rf
o

rm
a

n
c
e

 i
n

 m
e

g
a

 M
IP

S
 

 TLM 2.0  

0.100 

 10.0 

 100.0 

 1,000 



SystemC 

 

Francesco Paterna, Martino Ruggiero, Luca Benini 

DEIS – Micrel lab 

francesco.paterna@unibo.it 

 

 

 



Layers of Hardware Design 



Scope of Layers  



Purpose of Layers  



What language? 

 

• Problem: very different levels of 
abstraction 

• Modeling language to use? 

• High-level: Java, Visual Basic, C++ 

• Low-level: HDLs (VHDL,Verilog) 

• Huge modeling gap 

• Need to translate models… 

 

 



System Design Methodology 



Why not just C++? 



SystemC 



SystemC 

 

• Objectives: 

– Model Hw with Sw programming language 

– Achieve fast simulation 

– Provide support for hw/sw system design 

• Requirement: 

– Give hw semantics to sw models 

• Supported by a large consortium of 
semiconductor and EDA companies 

 

 



Language Comparisons and 

 Levels of Abstraction 



Introduction to C++  

Object Oriented Programming 

 
a complete guide in Italian language is online at: 

(http://www.bo.cnr.it/corsi-di-informatica/corsoCstandard/Lezioni/01Indice.html) 



Classes in C++ 

• A Class is a datatype containing variables, 

constants, functions 

• An Object is an istance of a Class 
class  CA { 

            

    int a; 

            

    int get_a(); 

    int set_a(int a_temp); 

} 

 

int CA::get_a(){ return a;} 

int CA::set_a(int a_temp){ a = a_temp;} 

 
 

int main() { 

    CA A; 

    A.set_a(3); 

    int b = A.get_a(); 

    A.a = 4; 

    int c = A.a;     

} 
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Classes vs. 

Structures: 

 

1. Member-functions 

2. Data hiding 



Constructors and Destructors 

• Particular member-functions to initialize and release 

resources respectevly 

• No return type specified 

• At most 1 destructor 

class  CA { 

public: 

  int* a; 

  CA(); 

  ~CA(); 

                  

} 
 

 

 

 

CA::CA(){ a = new int} 

CA::~CA(){delete  a;} 

                   

                

               

 
 

 

int main() { 

    CA A; 

    A->a = 5; 

   return 0; 

} 
 

 

 



Constructors and Destructors 

• Particular member-functions to initialize and release 

resources respectevly 

• No return type specified 

• At most 1 destructor 

class  CA { 

public: 

  int* a; 

  CA(); 

  ~CA(); 

  CA(int value); 

} 
 

 

 

 

CA::CA(){ a = new int} 

CA::~CA(){delete  a;} 

CA::CA(int value) 

{ a = new int; 

  *a = value} 

 
 

 

int main() { 

    CA A; 

    A->a = 5; 

   return 0; 

} 
 

 

 

int main() { 

    CA A(5); 

    return 0; 

} 
 

 

 



Inheritance in C++ 

• Inheritance allows to create classes which are derived from 

other classes 

• A derived class includes their parents' members to their  

own 

class  CA { 

private: 

int a; 

public: 

int get_a(); 

} 
 

 

class CB:CA { 

private: 

 int b; 

public: 

int get_b(); 

} 
 

 

int main() { 

    CB B; 

    int c = B.get_a(); 

    int d = B.get_b(); 

   return 0; 

} 
 

 



Abstract classes in C++ 

class  CA { 

public: 

virtual int get() = 0; 

} 
 

 

 

class CB:CA { 

private: 

 int b; 

public: 

virtual int get() {return b}; 

} 
 

 

 

class CC:CA { 

private: 

 int c; 

public: 

virtual int get() {return c}; 

} 
 

 

 

Abstract class: 

CA A; 



SystemC 

• C++ extensions 
– C++ class library (libsystemc.a) and modeling 

methodology 

– Hw semantics defined through the class library 

– SystemC code is C++ code and can be freely mixed 
with C++ code 

• Object-oriented style 
– Basic component models 

– Inheritance or encapsulation 

• Some hw synthesis support 
– Usually translation into traditional HD languages 



SystemC infrastructure 



SystemC features 



SystemC Core Language 



SystemC Time Model 

• SystemC uses an integer-valued time model; 

• The time is represented by a 64 bit unsigned 
integer; 

• Time has a resolution; 

• The minimal time unit is 1 picosecond; 

• The time resolution can be set by calling the 
sc_set_time_resolution() function 
– Ex: sc_set_time_resolution(10,SC_PS); 

• sc_time is used to define time durations 
– sc_time t1(42, SC_NS); 



SystemC classes 



SystemC Classes: Modules 

• Modules (sc_module) 
– Fundamental structural entity 

– Map functionality of HW/SW blocks 

– Contain processes (functionality) 

– Contain other modules (creating 
hierarchy) 

– Communicate through 
ports/interfaces/signals 



Modules 



SystemC Classes - Processes 

 

• Processes 
– Functionality is described in a process 

– Implemented as member functions 

– Processes run concurrently 

– Code inside a process executes 
sequentially 

– SystemC has three different types of 
processes 

• SC_METHOD 

• SC_THREAD 

• SC_CTHREAD 

– Macros telling the scheduler how to handle 
such processes 



Process types 

• sc_method: method process 
– sensitive to a set of signals 

– Cannot be suspended: executed until it returns 

– Does not remember internal state across invocations (unless explicitly kept in 
member variables) 

• sc_thread: thread process 
– sensitive to a set of signals 

– Can be suspended: executed until a wait(), resumed through sensitivity list 

– Remembers internal state across invocations 

• sc_cthread: clocked thread process 
– sensitive only to one edge of clock 

– execute until a wait() or a wait_until() (note the enhanced wait semantics) 

– watching(reset) restarts from top of process body (reset evaluated on active 
edge) 

– Used mainly in high level simulation 



SC_METHOD 



SC_THREAD 



wait_until() 



watching() 



watching(): example 



Example: semaphore (1/3) 
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Example: semaphore (2/3) 



Example: semaphore (3/3) 



SC_CTHREAD: example 



SC_CTHREAD: example (1/3) 



SC_CTHREAD: example (2/3) 



SC_CTHREAD: example (3/3) 



Ports, Interfaces, Channels 



SystemC Classes: Ports 

• Ports (sc_in<>,sc_out<>,sc_inout<>) 

– Modules have ports 

– Ports have types 

– A process can be made sensitive to 

ports/signals 



Ports 

• They provide communication functions to modules 

• Derived from SystemC class sc_port<class IF,intN=1> 
(type of interface, number of connected interfaces) 

• On the outside, they connect to channels by means of 
interfaces 

• Typical channel (in RTL models): sc_signal 

• In this case, shortcuts exist: sc_in<class T>, 
sc_out<class T>,sc_inout<class T>  

    (ports connected to N=1interfaces of type 
sc_signal_in_if<class T>) 

• Methods made available by the underlying interface: 
– my_port.read(), my_port.write(), … 



Ports 



Communication semantics 

• Interface Method Calls (IMC) 
– Process calls an interface method of a channel 

– The collection of a fixed set of communication 
Methods is called an Interface (virtual objects) 

– More than one channel is feasible for the same 
Interface 

– Modules can be connected via their Ports to those 
Channels 

 

 



Implementing an Interface 



Implementing an Interface 



Channel Binding 



Channels 



Implementing a Channel 

• The channel must provide the implementation of the 
methods declared in its interfaces 

• The channel inherits sc_prim_channel and thus can 
access its API, especially: 
– void request_update() 

– virtual void update() = 0 (requires an implementation inside of 
the channel!) 

• The channel also inherits sc_interface (through its 
interfaces) and thus can access its API, especially: 
– virtual const sc_event& default_event() (tells the simulation 

kernel which is the event on which to enqueue processes waiting 
on their sensitivity list) 



Request-Update Semantics 



Implementing a Channel 



Instantiating a Channel 



Signal Examples 



Read and write from/to port  

and signal 

• It is possible to read and write using either the read() and write() 

methods or by means of assignment. 

• The use of read() and write() is recommended for ports and signals; 

assignment for internal variables. 

 



Read and write of single bits of port 

and signal 

• Read and write methods operate on every bit of ports and signals. 

• It is not possible to apply read and write methods selectively on 

single bits. 

• To do that it is necessary to use temporary variables. 



Simulation 

• In order to have a working simulation of a system, it is 

necessary to define a testbench module. 

• Typically the testbench has a CTHREAD process which 

handles the inputs of the Device Under Test (DUT) 

 



Testbench: example 



Simulation: main 

• To have a working simulation we need a 

file with the function sc_main(int, char *arg[]). 

• The sc_main() function has to: 

– Declare the channels linking the various 

modules in the system; 

– Instantiate the modules of the system; 

– Launch the simulation by the sc_start() 

function; 

• sc_start(simulation_time). 

 



Simulation: example (1/2) 



Simulation: example (2/2) 
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An RTL Model Example 
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Model Example 
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An UnTimed Functional (UTF) 

Model Example 



Layers of Hardware Design 



Refining to Timed Functional(TF) 

Model 



SystemC simulation kernel 


